ABSTRACT The potentiating effect of tumour promoter anthralin on gamma radiation and 4-Nitroquinoline 1-oxide (4-NQO) induced gene conversion and back mutation was studied using diploid yeast Saccharomyces cerevisiae D7. Cells were exposed to 20-400 Gy of gamma radiation and plated on media without anthralin or containing 0.05-10 mg/ml of anthralin. In another set of experiments, cells were treated with 0.15-0.5 µM 4-NQO and plated on media without anthralin or containing 0.05-0.5 µg/ml of anthralin. The results indicated that anthralin did not modify gamma radiation induced gene conversion or back mutation. Anthralin, however, was found to enhance 4-NQO induced back mutation but not gene conversion. The enhancement was highest with the lowest concentration of anthralin and it decreased subsequently as anthralin concentration was increased.
INTRODUCTION
Anthralin (dithranol, 1,8-dihydroxy-anthrone) was introduced in 1916 by Galewsky (1916) and Unna (1916) . Since then it has become a widely used, safe and highly effective topical remedy for the treatment of chronic plaque psoriasis. Anthralin has also been shown to exhibit potent tumour-promoting activities (Bock and Burns 1963; Segal et al. 1971; Baturay and Trombetta 1988; DiGiovanni et al. 1988) A number of studies have been carried out to study the potentiating effects of tumour promoters on the genotoxic effects induced by carcinogens in vitro. Trosko et al. (1977) have demonstrated that the well-known tumour promoter 12-O-tetradecanoylphorbal-13-acetate (TPA) enhanced UV-induced mutations in mammalian cells, and chemical carcinogens' induced mutations in Salmonella typhimurium and CHO cells. TPA also enhanced the frequency of spontaneous and X-ray induced sister chromatid exchanges in mammalian cells (Kinsella and Radman 1978; Ohno 1974) . Kunz et al. (1980b) had designed an experiment with three tumour promoters including anthralin using a diploid strain of yeast Saccharomyces cerevisiae. In this study, cells were treated with UV radiation, which was used as an initiating agent. Three known tumour promoters TPA, iodoacetate and anthralin were added to the growth media in order to study their ability to potentiate UV induced various genetic events in yeast. In this study, anthralin was shown to enhance UV induced aberrant colony formation, back mutation and mitotic crossing over.
Diploid yeast is an eukaryotic model system used to study various genetic end-points like gene conversion (non-reciprocal recombination), back mutation, mitotic crossing over (reciprocal recombination) and aberrant colony formation. Each genetic event is very significant for various detrimental effects observed in human beings, e.g., induction of carcinogenicity, tumour promotion and heritable diseases. Mutation is a very well studied end-point. A high degree of correlation has been observed between carcinogenicity and mutagenicity of chemicals and it is now generally accepted that most of the carcinogens are mutagens (Mc Cann et al. 1975; Mc Cann and Ames 1976; Miller and Miller 1971) . Recombination has been suggested to be involved in carcinogenesis and teratogenesis (Zimmermann et al. 1966; Kinsella and Radman 1978; Kunz et al. 1980a,b) and expression of deleterious genes following recombination may also result in heritable changes. Formation of aberrant colonies in yeast can be due to mitotic gene conversion, point mutation, chromosome deletion or aneuploidy induced by a mutagen. It has been suggested that aberrant mitotic segregation events like mitotic recombination, non-disjunction and other chromosomal events might be involved in tumour promotion (Kinsella and Radman 1978) . These genetic events occurring in eukaryotic model system-diploid yeast are important as similar events may occur in man. Homologous genes controlling recombinational pathways (HsRAD52) have been identified in human cells (Thomson 1996) . Homologous genes of RAD52 epistasis group have been identified in fission yeast ; Drosophila melanogaster (Akaboshi et al. 1994 ) chicken (Bezzubova et al. 1993 ) mouse and human (Shinohara et al. 1993; Morita et al. 1993 ) which indicate that the recombinational repair pathway is conserved throughout evolution.
In view of the above observations, we decided to study the effect of tumour promoter anthralin on gamma radiation and 4-Nitroquinoline 1-oxide (4-NQO) induced genetic events in yeast.
MATERIALS AND METHODS
Strain: Diploid strain of yeast Saccharomyces cerevisiae D7 used for the study was donated by Prof. F. K. Zimmermann (Darmstadt, Germany) . The genotype of the strain is as follows.
a/α ade2-40/ade2-119, trp5-12/trp5-27, ilv1-92/ ilv1-92
The end-points detected using this strain are gene conversion (non-reciprocal recombination), back mutation, mitotic crossing over (reciprocal recombination) and aberrant colony formation. The details of the media and procedures have been described elsewhere (Zimmermann, 1973; 1977; Zimmermann et al., 1975; Anjaria and Madhvanath, 1988) . Induction of gene conversion is detected as the conversion of tryptophan auxotrophs to prototrophs, which results in the appearance of colonies on tryptophan omission (Trp -) medium. Back mutation results in the reversion of isoleucine auxotrophs to prototrophs and is detected by the appearance of colonies on isoleucine omission (ilv -) medium. Gamma Irradiation: The samples were irradiated in the 60 Co gamma chamber having a dose rate of 40 Gy/min. Stationary phase yeast cells were washed and resuspended at a titre of 2x10 7 cells per ml in potassium phosphate buffer (0.1M, pH 7.0). The suspension was distributed in 5 ml aliquots in irradiation vials, which were exposed to graded doses in the range of 20-100 Gy. The samples were agitated vigorously in a vortex mixture to aerate them properly just before irradiation. They were maintained at 0-4°C before and after irradiation till the time of plating to arrest any metabolic activities in the cells. Irradiated cell suspensions were then plated on ilv -, Trp -and SC media with or without anthralin to score back mutation, gene conversion and survival respectively. Anthralin was dissolved in DMSO and was added to autoclaved media at concentrations of 0.05 and 0.10 µg/ml. Colonies were counted after 5 days after incubation at 30° C.
Further experiments were carried out by increasing the anthralin concentration in the media to 0.15, 1.0 and 10 µg/ml. Two radiation doses were used: 100 Gy, which is the highest dose at which cell killing is negligible and 400 Gy which results in about 40% survival.
4-NQO Treatment: 4-NQO was purchased from K & K Laboratories, New York, USA. The stock solution of 4-NQO was freshly prepared in DMSO each time and diluted in potassium phosphate buffer (0.1M, pH 7.0). The cells were washed and resuspended in buffer. Titre of the stock cell suspension was usually 5x10 7 cells/ml. For the treatment, usually 1 ml of stock cell suspension, required volume of 4-NQO solution and buffer were mixed to get about 20 ml of the reaction mixture. The flasks containing the reaction mixture were incubated in a shaker water bath at 30°C in dark. 4-NQO treatments were carried out at 0.15, 0.3 and 0.5 µM. At the end of 1 h of treatment, samples were withdrawn, filtered through a Millipore filter (pore size 0.45µM), washed thrice with buffer and resuspended in buffer to obtain the desired cell concentration. Following appropriate dilutions, one ml of the cell suspension was spread on 4 plates each of Ilv -, Trp -and synthetic complete media plates either without anthralin or containing 0, 0.05, 0.1, 0.15 and 0.5 µg anthralin per ml of media to score back mutation, gene conversion and survival respectively. Plates were incubated at 30°C and colonies were counted after 5 days.
RESULTS

Effect of Anthralin on Gamma Radiation
Induced Gene Conversion and Back Mutation in Strain D7: Effect of tumour promoter anthralin on gamma radiation induced gene conversion and back mutation is reported in Tables 1 and 2 . Under the treatment conditions used, anthralin neither induced any cell killing per se; nor did it enhance radiation induced cell killing. Also, it did not increase spontaneous frequency of gene conversion or back mutation. The results indicate that it had no effect on radiation induced gene conversion or back mutation frequencies. Subsequent experiments were carried out with higher concentrations of anthralin. The results shown in Tables 3 and 4 indicate that anthralin even when used at higher concentrations in combination with higher radiation doses, did not modify radiation-induced genotoxicity.
Effect of Anthralin on 4-NQO Induced Gene Conversion and Back Mutation in Strain D7:
In experiments carried out with 4-NQO, anthralin had no effect on cell survival following 4-NQO treatments. Further, the results show that anthralin at 0.05-0.5 µg/ml had no effect on 4-NQO induced gene conversion frequency at all the 3 concentrations of 4-NQO (Table 5) .
However, the back mutation frequency induced by 0.15, 0.3 and 0.5 µM 4-NQO was found to increase in the presence of anthralin (Table 6 ). The increase was consistently seen for the lowest concentration of anthralin (0.05 µg/ml) for all the 3 concentrations of 4-NQO: For 0.15 µM 4-NQO, anthralin increased the back mutation frequency by 29% (p< 0.0027), for 0.3 µM 4-NQO, it increased by 57% (p< 0.05) and for 0.5 µM 4-NQO it increased by 34% (p< 0.0027).
For 0.3 and 0.5 µM 4-NQO, the increase was seen even with 0.10 mg/ml anthralin: For 0.3 µM 4-NQO, the increase was 20% (p< 0.0027) and for 0.5 µM 4-NQO, the increase was 14% (p<0.05).
However, the enhancement in back mutation frequency was maximum for the lowest concentration i.e., 0.05 µg/ml of anthralin. As the concentration of anthralin in the growth medium was increased, the enhancement diminished and was absent when higher anthralin concentrations were used. This pattern was most clearly seen for 0.5 µM of 4-NQO.
DISCUSSION
In our study, the tumour promoter anthralin did not modify gamma radiation induced gene conversion and back mutation frequency. In experiments carried out with 4-NQO, anthralin did not alter 4-NQO induced gene conversion frequency but increased the induced back mutation frequency.
The molecular basis of promotion and cocarcinogenesis are not clearly understood. It is assumed that many tumour mutations are recessive (Gateff 1978; Harris et al. 1968; Stanbridge 1976 ) and hence they will not be expressed if present as single copies in normal diploid cells. The potentiation of mutagenic and recombinagenic effects of carcinogens by various mechanisms could also result in enhanced A large body of evidence has shown that the biochemical basis for the mechanism of action of anthralin at molecular level is related to its redox activity leading to the production of active oxygen species, which includes singlet oxygen, superoxide anion radical and hydroxyl radical (Mueller and Huang 1996) . It has been reported that antioxidants were effective inhibitors of anthrone tumour promotion, indicating an important role of oxygen radicals in the mechanism of action of this class of tumour promoters. (Battalora et al. 1993) . These active oxygen species generated by anthralin can react with all classes of biological macromolecules and are responsible for all principal cellular effects, viz., interaction with DNA, modification of bases, inhibition of all enzyme systems involved in metabolic pathways and cellular respiration; and also destruction of membrane lipids (Mueller and Huang 1996) . Birnboim (1986) has shown that anthralin induces DNA strand breaks and suggested that the slow repair of DNA strand breaks may be significant in the mechanism of action of tumour promoting agent like anthralin. The induction of DNA strand breaks (Birnboim 1986 ) and inhibition of DNA replication (Clark and Hanawalt 1982) by anthralin is suggested to be due to the formation of modified DNA bases. Kulkarni and Yielding (1978) have indicated that anthralin causes accumulation of repair intermediates which could act as inducers of error-prone repair pathways. The property of anthralin to inhibit DNA synthesis and repair replication is suggested to be consistent with the ability of any agent to induce mutation and recombination; and/or to enhance genetic events induced by other DNA damaging agents (Kunz et al. 1980b; Clark and Hanawalt 1982) . Anthralin has been shown to potentiate UV induced genetic events like mutation, aberrant colony formation and crossing over in yeast (Kunz et al. 1980b ). In our study, it did not enhance gamma radiation induced gene conversion and back mutation frequency but enhanced 4-NQO induced back mutation frequency. 4-NQO is a UV-mimetic agent and mimics the action of UV rays in certain ways (Kondo 1981) . Moreover, it has been shown that most of the 4-NQO-induced DNA lesions in vivo are 4-NQO-purine adducts, which are repaired by the same excision repair system that is effective for UV-induced pyrimidine dimers (Kondo 1981) and also that the repair of 4-NQO and UV damage is of the long patch type (Regan and Setlow 1974; Stich and San 1971; Cleaver 1973) . However, the repair processes operating on the UV induced damage may differ in some other ways from those operating on the 4-NQO induced damage (Ahmed and Setlow 1980) . From our results, it appears that anthralin specifically enhances the genetic effects induced by UV (Kunz et al. 1980 ) and UV-mimetic agent 4-NQO (our data) but not by gamma radiation. Similarly, selective enhancement of neoplastic transformation by anthralin was observed with B(a) P but not with β-propiolactone (Baturay and Trombetta 1988) . However, very little information is available in literature regarding the modifying effects of anthralin for a wide variety of DNA damaging agents having different mechanisms of action.
A notable feature in this study is the dose related decrease in the potentiation of 4-NQO induced back mutation frequency by anthralin. Similar decline in the potentiating effect of other tumour promoters was reported by Kunz et al. (1980b) e.g. the potentiation of UV-induced aberrant colonies declined with increasing concentration of TPA. Also, potentiation of UVinduced gene conversion frequency decreased with increasing concentration of tumour promoter catechol. Similarly, potentiation of UV induced mitotic crossing over decreased with increasing concentration of tumour promoter iodoacetate. Hannan et al. (1980) have also reported such a reduction while studying the potentiation involving UV induced mutation and mitotic recombination by tobacco smoke condensate. The reason for this effect has not been understood.
In conclusion, anthralin did not modify gamma radiation induced gene conversion and back mutation frequency in yeast. It potentiated 4-NQO-induced back mutation frequency but not gene conversion frequency. The potentiation was highest with lowest concentration of anthralin and it decreased with the increase in the concentration of anthralin.
